Differential upregulation of heme oxygenase-1 (HSP32) in glial cells after oxidative stress and in demyelinating disorders.
Oxidative stress is implicated in the pathogenesis of demyelinating disorders and inflammatory responses. Heme oxygenase-1 (HO-1; HSP32) is a small heat shock protein (HSP) with enzymatic activity, which is inducible by oxidative stress. In this study we analyzed autopsy and biopsy brain samples of patients with multiple sclerosis (MS) and ADEM (acute disseminated leucoencephalomyelits) and spinal cord lesions of mouse EAE (experimental autoimmune encephalomyelitis), which was actively induced by immunization with myelin oligodendrocyte glycoprotein (MOG35-55) peptide, for the presence of HO-1. HO-1 was observed in glial cells during different stages: (1) during acute phases of mainly inflammatory diseases (EAE and ADEM) expression of HO-1 was prominent in microglia/macrophages and astrocytes, and upregulation correlated with inflammation, and (2) in early MS lesions HO-1 was expressed in oligodendrocytes. Furthermore, in glial cell cultures, we can show that upregulation of HO-1 in oligodendrocytes was paralleled by severe morphological damage. Oligodendrocytes underwent apoptotic cell death at a concentration of hydrogen peroxide (50-200 microM) which did not affect astrocytes or microglia. Using oligodendroglial OLN-93 cells, we demonstrate that oxidative stress led to mitochondrial impairment and the disorganization of the microtubule network. Zinc protoporphyrin, an inhibitor of HO-1, augmented the cytotoxic consequences of hydrogen peroxide in OLN-93 cells. Hence, the presence of HO-1 in EAE, ADEM, and MS points to the involvement of oxidative stress and a role of HO-1 in the pathogenesis of the diseases. The data suggest that stress-induced HO-1 initially plays a protective role, while its chronic upregulation, might contribute to oligodendroglial cell death rather than providing protection.